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Section 1.0 
Introduction 

1.1 Project Background 
As a result of the widespread impacts of nitrogen on groundwater and surface waters in 
Florida, the management of nitrogen sources, including onsite wastewater treatment 
systems (OWTS), is of paramount concern for the protection of the environment. As part 
of Task C of the Florida Onsite Sewage Nitrogen Reduction Strategies (FOSNRS) 
Study, a review of available research related to the fate and transport of nitrogen is be-
ing developed. The primary objectives of this review are to: 

● Assess the current available information on nitrogen treatment in soils and the ef-
fects to the receiving groundwater; 

● Develop a searchable database of available literature concerning nitrogen 
groundwater contamination and OWTS; 

● Assist in the conceptual understanding of the fate and transport processes that 
influence distribution of nitrogen in groundwater; and 

● Guide future field evaluation efforts and provide additional information to the de-
velopment of a modeling tool for simulation of nitrogen in groundwater (Task D). 

The following presents a literature review to assess the current state-of-knowledge re-
garding the fate and transport of nitrogen and its movement and distribution in ground-
water related to OWTS. The review will identify existing studies and reports that examine 
the influence of OWTS-derived nitrogen inputs, the transformative processes that impact 
nitrate distribution, and the key factors that result in a significant effect to groundwater 
quality from OWTSs. As part of the literature review, a database of the references was 
developed in conjunction with this summary report. This database (see separate Excel 
file “CSM_C-1 Nitrogen Soil-GW Studies”) includes a summary table of the relevant fea-
tures and parameters of each modeling study. As a result of the large number of identi-
fied sources, some studies that were deemed as not valuable to this effort and are men-
tioned in this report, but are not described in detail and the reader is directed to the da-
tabase for further information. 
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1.2 Nitrogen in Ground Water; Conceptual Considerations 
Nitrogen is an important concern for water quality and nitrates represent perhaps the 
most common groundwater pollutant. Animals, crops, ecosystems, and human health 
can be adversely impacted by the presence of nitrogen in water supplies. Of these con-
cerns, nitrate impacts to human health have been a primary consideration. The con-
sumption of nitrates has been linked to various illnesses, including cyanosis in infants 
and some forms of cancer. As a result, in the United States, a maximum allowable ni-
trate concentration of 10 mg/L as N has been established as protective of human health 
(Canter 1996). Other agencies around the world have also established such standards 
for nitrates in groundwater. 

Also of concern are the environmental effects on groundwater and surface water that 
can result from nitrogen impacts. The degradation of groundwater quality can ultimately 
lead to the degradation of surface waters in watershed systems that have strong 
groundwater/surface water interactions. Nitrogen that enters surface water bodies via 
these interactions can lead to algal blooms and eutrophication. These processes lead to 
oxygen depletion in surface waters which can be harmful to natural aquatic life. In Flori-
da, the protection of watersheds, in particular surface water bodies, has led to the legis-
lation of protection of these areas (i.e., the Wekiva River Protection Act). 

A survey of community service wells and private domestic wells performed by the U.S. 
Environmental Protection Agency (EPA) indicated that over half of these water supply 
wells contained detectable levels of nitrate (Canter 1996). The sources of this contami-
nation are various, and include agricultural and domestic fertilizer applications, natural 
sources, wastewater treatment applications, and the use of OWTS. The last category is 
often of concern, as nearly 25% of the population in the U.S. and 30% of all new devel-
opment utilize OWTS (Lowe et al., 2007). In Florida, nearly a third of all house-holds are 
serviced by OWTS and 92% of water supplies come from groundwater (Briggs et al. 
2007, Lowe et al. 2007). 

Due to the unique features of the geology and hydrogeology, the groundwater systems 
and ultimately ecological systems and human health may be adversely impacted by ni-
trogen contamination of groundwater. The geology in Florida is characterized by the 
presence of sinkholes and fractures that develop in the karst limestone prevalent in 
many areas (Briggs, Roeder et al. 2007). These features tend to act as preferential flow-
paths that can contribute to widespread groundwater contamination and potentially can 
impact protected surface waters. 

Nitrogen transport in the subsurface is a complex process, especially when considering 
the nitrogen inputs from OWTS. Meeting the objectives of the FOSNRS project therefore 
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Section 3.0 
Discussion and Analysis 

The literature review revealed important conceptual information for the assessment of 
nitrogen impacts in groundwater due to OWTS. One of the primary objectives of the re-
view was to examine the current state-of-knowledge related to the primary influences on 
the fate and transport of nitrogen following the initial loading into the soil from the use of 
OWTS. A cascade of processes and factors contribute to nitrogen contamination. These 
include loading rate, OWTS density, soil characteristics, oxygen content, and aquifer re-
charge and water table elevation and fluctuation. Primary factors that can lead to signifi-
cant nitrogen concentrations are found in both the septic tank and the vadose zone and 
an understanding of the processes within these is important rather than just considering 
processes in the aquifer. 

The transformative processes of nitrification and denitrification require further study and 
quantification, especially when considering septic tank performance and processes with-
in the vadose zone. Additionally, an understanding of the aquifer characteristics, such as 
groundwater velocity and flux estimates can greatly improve the quantification of dilution 
for reduction of nitrate. Nitrification can be inhibited by high water tables and over-
loading of OWTS. Likewise, denitrification, a potentially important process in the reduc-
tion of nitrate in groundwater, requires anoxic conditions in the presence of adequate 
carbon sources. 

An improved understanding and assessment of field conditions prior to septic tank de-
sign can improve performance and result in reduced impacts from OWTS. A large num-
ber of reports have been generated that are essentially monitoring reports describing 
nitrogen levels in observation wells. In some cases, these reports considered factors 
beyond nitrogen concentrations and included multiple geochemical factors as well. 
These studies have immense value in the light of other studies, in which the influence of 
important factors for nitrogen contamination can be quantified in real field-scale studies. 
Specifically, these studies provide quantitative data concerning: 

● Downgradient and cross gradient nitrogen concentrations in groundwater which 
provides plume delineation spatially and in some cases temporally; 

● Site-specific subsurface characterization such as soil type and distribution; 
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● Groundwater measurements that provide data concerning groundwater flow 
paths, velocities, and fluxes which can strongly influence the extent of the im-
pacts in terms of concentrations and distance from the OWTS; 

● Total nitrogen loading rates at the source, which when compared to downgra-
dient nitrogen concentrations provide data concerning OWTS performance, and 
nitrogen conversion rates; and 

● In some cases, surface water sampling which may indicate the level of ground-
water/surface water interaction and/or transformative processes present at the 
groundwater /surface water interface. 

The conclusions reached using the data in these studies can then be applied for nitrogen 
impact estimates in future studies and how to appropriately monitor and sample a site 
that will utilize OWTS. Furthermore, these studies can be examples for assisting in 
OWTS design and installation to minimize nitrogen in groundwater. Lastly, data from 
these studies can be applied to the further study of the OWTS and vadose zone 
processes affecting nitrogen transport and fate in groundwater and lead to better predic-
tive methods for estimating nitrogen impacts. 
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Section 4.0 
Conclusions 

The literature review revealed numerous factors that may influence nitrogen impacts to 
groundwater resulting from the use of OWTS. Transport and fate processes that are 
present in the OWTS, vadose zone and saturated zone all will influence the extent of 
nitrogen impacts to groundwater. Furthermore, these factors, along with factors related 
to groundwater/surface water interactions will also determine if nearby surface water bo-
dies are adversely affected. In doing site assessments, it is therefore important to devel-
op sampling plans that can collect data for a majority of the factors described in the lite-
rature. Also, predictive efforts and efforts aimed at reduction of impacts should also con-
sider the findings of the literature review. A brief summary of important points is as fol-
lows: 

● Some studies identified lot size and location of water supply wells in relation to 
OWTS as important factors in determining nitrate contamination to groundwater. 

● OWTS loading rate can significantly impact the performance of the soil and ulti-
mately nitrogen concentrations in the aquifer. 

● In certain cases, water table fluctuations may be a larger factor than loading rate 
of nitrogen on the overall OWTS performance. 

● Nitrogen reduction in the vadose zone is an important determining factor for ni-
trate concentrations in the groundwater. This is a complex process dependent on 
numerous factors that need to be studied in depth. 

● Nitrification can be influenced by soil type and appropriate loading of an OWTS. 
Sikora and Corey (1976) indicate that coarse-textured strongly-aggregated soils 
favor nitrification while finer textured soils lead to the development of anaerobic 
conditions and inhibit the process. 

● Sandy soil aquifers are particularly susceptible to nitrate contamination, particu-
larly in the case of low carbon content aquifers with relatively high groundwater 
velocities. In these cases, high concentrations and large areas of impact may be 
expected due to the lack of transformation and the distance nitrate can travel in a 
short time period. 
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● Denitrification occurs largely in anoxic soils and groundwaters with adequate 
carbon sources. In the soil column, denitrification may occur in systems with high 
or fluctuating water tables that allow the creation of anoxic conditions, providing 
the organic carbon content of the soil is adequate. In groundwater, dilution is of-
ten seen as the dominant mechanism for the reduction of nitrate, although some 
studies identify denitrification as the dominant factor. This is highly dependent on 
site-specific characteristics. 

● Denitrification, while being a well-understood process is poorly quantified and not 
correlated with other site characteristics especially when considering the satu-
rated zone. This should be a significant topic of further study. 

● Some studies identified the relatively high denitrification capacity of river bed se-
diments, particularly if they contained high levels of organic carbon. This is espe-
cially relevant if the protection of adjacent surface water bodies is a key concern. 

The literature review suggests reductions in groundwater nitrogen impacts associated 
with OWTS are achievable with a few steps. Nitrate is highly mobile in groundwater and 
the only significant methods of natural attenuation is denitrification, a process that the 
review indicates is not always present in natural aquifers (however, it should be noted 
that saturated zone denitrification can be enhanced with amendments as a potential 
treatment process, see Korom (1992)). Therefore, reduction of nitrate contamination 
may be most efficiently approached in the design and installation processes when con-
sidering OWTS as a treatment alternative. Appropriate land planning and density of 
OWTS in new developments is a first step. OWTS should be placed within protective 
distance of downgradient groundwater and surface water resources. Additionally, recog-
nizing the importance of dilution for nitrate concentration reductions, appropriate lot size 
should be in the design to allow adequate dilution from recharge water. Within the de-
sign of OWTS, appropriate loading rates and an understanding of OWTS effluent can 
achieve lower levels of nitrogen entering the subsurface. Lastly, the review indicates the 
performance value of appropriate treatment units can improve effluent quality by reduc-
ing nitrogen prior to infiltration. 

Additional optimization can be achieved by a thorough understanding of site characteris-
tics and how these may influence OWTS performance and ultimately nitrogen concentra-
tions in groundwater. Numerous studies were identified that have data related to existing 
systems and their performance within the framework of the characteristics of the site. 
Certain water table conditions, soil types, and other subsurface characteristics such as 
pH or temperature can have an effect on the treatment ability of OWTS by varying oxy-
gen content and redox conditions. If detrimental conditions are seen at a site being con-
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sidered for OWTS, other methods of wastewater treatment may be appropriate. This can 
also be true for areas identified as “high-risk,” such as areas adjacent to a protected wa-
ter body. Alternatively, it may be possible to amend the site conditions or use an effluent 
pre-treatment method to improve OWTS performance. Future work may be needed to 
examine the data in such studies and make attempts to correlate hydraulic and reactive 
parameters to observed nitrogen impacts. 
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